ABSTRACT. The immunohistolocalization and gene expression of carbonic anhydrase (CA) isoenzymes CA-II and CA-VI in the canine lower airways and lung were examined using specific canine CA-II and CA-VI antisera and the RT-PCR method. Laryngeal, tracheal and bronchial epithelia, serous acinar and bronchiolar secretory cells and pulmonary great alveolar cells showed immunopositive reactions to anti-CA-II and anti-CA-VI antisera. However, all mucous cells showed immunonegative reactions. The physiological roles of CA-II and CA-VI in the lower airways and lung may involve the maintenance of pH balance and the protection of mucosal surfaces against the acidic milieu.
, Motoharu OISHI 1) , Tomoko AMASAKI 4) , Satoshi SOETA 5) , Nobutsune ICHIHARA 1) , Toshiho NISHITA 2) , Masaru MURAKAMI 3) , Hajime AMASAKI 5) and Masao ASARI 1) * 1) Departments of Anatomy, 2) Carbonic anhydrase (CA; EC4.2.1.1) is a zinc-containing metalloenzyme that has many functions, including macromolecule stabilization, gas exchange, acid-base balance, ion transport, and bone resorption [17] . About 14 CA isoenzymes are widely distributed in almost all mammalian species [4] . CA-II is the most common CA family and these enzymes exhibit high catalytic activity in erythrocytes, liver, pancreas and kidney cells [15] , and in the cells of the parotid and submandibular glands [13] . CA-VI is one of the secreted-type CAs, and has been detected in the salivary glands [6] , mammary glands [5] and lacrimal glands [11] .
In the respiratory tract, enzymatic histochemical localization of CA has been previously reported in humans and guinea pigs [12] . The immunohistochemical distribution of CA-II has been determined in the respiratory system of humans [15] and rats [2] , while that of CA-VI has been reported for mice [7] and rats [8] . Recently, canine CA-VI was detected in the upper respiratory tract, in particular, in the nasal cavity [16] . Thus, in the present study we examined the canine lower airways and lung to clarify the distribution of the CAs throughout the whole canine respiratory tract.
To determine the principal sites of expression of the CA-II and CA-VI proteins, we performed immunohistochemistry using anti-canine CA-II and CA-VI antisera on canine lower airway and lung tissue samples. Furthermore, we used RT-PCR to determine whether genetic transcripts of CA-II and CA-VI are produced in the same regions as the proteins.
Five adult beagles were obtained from the Department of Surgery of Azabu University and sacrificed by overdose of pentobarbital. This sample collection procedure was approved by the Laboratory Animal Welfare committee of Azabu University and was based on their animal care and use programs. Canine CA-II and CA-VI antisera were purified as described [1, 6] and then used in the double immunodiffusion method to determine the specificity of each antiserum [13] . The larynx (epiglottis), cervical and thoracic parts of the trachea, bifurcation of the trachea, principal bronchi and left caudal lobe with a lobar bronchus, and parotid gland as the positive control, were examined. They were immediately fixed in neutralized 10% formalin or Bouin's solution and cut into 4-m-thick sections. Immunohistochemistry was performed as previously described [16] . The working dilution of anti-CA-II was 1:1000 and that of anti-CA-VI was 1:100. We used the Vectastain Elite avidin-biotin-peroxidase complex kit (ABC-POD reagent kit; Vector, Burlingame, CA, U.S.A.) for detection of the first antibody and developed color with diaminobenzidine (DAB) according to the protocol supplied by the manufacturer. Isolation of total RNA and synthesis of cDNA from mucosa samples and lung were performed as previously described [16] . The primer sequences for canine CA-II (XM_855990) were 5'-CAGCAACCTGATGGACTG-GCTG-3' and 5'-GCCTGCTGTGCAGTGGCTGAG-3', generating a 358-bp fragment. The primer sequences for canine CA-VI (AB080972) were 5'-CAGCGGCTCGGAG-CATAC-3' and 5'-GGCTGGATCCTGCGGTAGTCA-3', generating a 441-bp fragment. The primer sequences for canine -actin (AF021873), a constitutively expressed housekeeping gene, were 5'-GGGAGATCGTGCGTGA-CAT-3' and 5'-TCAGCAATGCCAGGGTACAT-3', generating a 316-bp fragment. Canine CA-II was amplified using 35 cycles of denaturation (95C, 30 s), annealing Table 1 . All immunoreactivity to anti-CA-II and CA-VI antisera was detected as diffuse staining in the cytoplasm of immunopositive cells. Some vascular endothelial and interstitial cells showed a large range of immunoreactivity to both CA antisera (weak to moderate positivity). In the larynx, the ciliated pseudostratified columnar epithelium of the epiglottis and serous acinar cells and ductal epithelial cells of the epiglottis gland showed positive immunoreactivity to both antisera, whereas the mucous acinar cells of the epiglottis glands showed negative immunoreactivity (Fig. 1A) . Immunoreactivity to both CA antisera was detected in ciliated pseudostratified columnar epithelial cells, serous acinar cells and ductal epithelial cells in the cervical and thoracic parts of the trachea and bifurcation of the trachea; however, no immunoreactivity was detected in the goblet cells or mucous acinar cells of the tracheal glands (Fig. 1B) . The immunoreactivity of primary bronchial and secondary bronchial cells showed the same intensity as the trachea (Fig.  1C) . Simple ciliated cuboidal epithelial cells of terminal and respiratory bronchitis cells showed moderately positive immunoreactivity to both CA antisera. In particular, the immunoreactivity at the basal areas of the cilia to both CA antisera was more intense than the basal sides of the cells. Bronchiolar secretory cells showed positive immunoreactivity to both antisera (Fig. 1D) . In the lung, some respiratory epithelial and great alveolar cells showed a weak immunoreaction to both antisera (Fig. 1E) .
RT-PCR detected CA-II and CA-VI gene transcription in the parotid gland, mucosa of the epiglottis, cervical and thoracic parts of the trachea, the bifurcation part of the trachea, principal and lobar bronchi, and the left caudal lobe. Detection of the -actin gene was seen in the same areas as the CA-II and CA-VI mRNA signals (Fig. 2) . This is the first report of the canine distribution of CA family members. These findings reveal a similar CA family distribution pattern in dogs to that already reported for guinea pigs [12] , humans [15] and rats [8] . For instance, the serous acinar cells in the tracheobronchial gland of humans, guinea pigs and rats are positive for CA-I, CA-II and CA-VI. In particular, bronchiolar secretory cells are positive for CA-VI in rats. Human tracheobronchial epithelial cells are negative for CA-I and CA-II; however, our dogs were positive for CA-II and CA-VI. Moreover, the bronchial ciliated epithelium is strongly positive at the base of cilia in rats, while rat bronchiole simple ciliated cuboidal epithelium has a similar pattern to that in dogs. However, in our dogs, some respiratory epithelial and great alveolar cells in the lung showed weak immunopositivity to both CAs. Recently, the respiratory epithelial cells and great alveolar cells in rats were reported to be immunopositive for CA-II [2, 3] . Thus, the immunoreactivities of the CAs appear to differ between animals based on respiratory function. Using immunoelectron microscopy, Ogawa et al. determined that two types of CA-VI exist: a cytosolic enzyme and a secretory enzyme [10] . In the present study, both types of CA-VI most likely reacted to the anti-CA-VI antiserum, which may account for the similar pattern of distribution of CA-II and CA-VI in the respiratory tract cells.
Mucosal defense systems are required for the trachea and bronchus because the covering epithelium of the airway is always exposed to a wide range of chemical, physical, and microbial acidic stresses [7, 8] . CA-II and CA-VI are powerful contributors to the production of bicarbonate ion [8] . Nakayama et al. demonstrated that acidity reduces bactericidal activity in the surface liquid of human airway epithelia and increases the susceptibility of these epithelia to bacterial infection [9] . Accordingly, bicarbonate secreted with CA-VI may be implicated in increasing the bactericidal activity of the tracheobronchial mucus, and cytosolic CA-II may maintain the local acid-base balance. In the digestive tract, Parkkila et al. suggested that cytosolic CA-II and secretory CA-VI form an important and mutually complementary system protecting the mucosa of the upper alimentary canal from acidity [14] .
The present report is the first to describe the immunohistochemical distribution of CA-II and CA-VI in the lower airways and lung in dogs. CA-II and CA-VI in the respira- tory system may play a mucosa-protective role, as in the digestive system.
